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It has been ccnsidered deairatle to place the knovledze of fuels
which spentencously ignite with hydrogsn peroxide on a soundsr basil
by investigating a wide rancge of possible fuels and studyinz thelr
reactions with hydrogen peroxide. The present rorort 1s a sunzsry
of an empirical pregram whose object was to cdeterrine, on as btreoad
- a base a3 possiblse, what compounds merited further conaideration as
possible fuel components. As such, the work may have been, at least
in part, a repetition of German investigations, the records of which
have been lost or destroyed. This view 1s supported by statements
in the German literature, and by the fact that the results make the
German cholrce of fuels for development seen reasonable.

The program of exnerimental work has consisted of applying a
simple ignitabllity test, first to a wide variety of different types
of compounds, and then to a bariety of compounds or comtinations
taken from chosen groups.

The work 1s reported in two parts. The first is an account cf
tests for 1gnitability on a variety of systems without regard to
mutual solubllity or physical condition. The second part 1is con-
cerned with attempts to form homogenecus solutions while preserving

the ignitability.

: In eveluating the results reported it is emphasized thet thess
tests are exploratory. A positive rocuit indicates the desirsbllity
of further work on the combination, but is not to be taken as an
unqualificd recommendation. Much further work 1is required on such
characterlistics as storage stabllity, and ignitability under rccket
or power plant conditions before the fuel can be recommended for

operational use,
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Part I.
Testh were first made on ont hundred and three si igle ccwooluds.

‘pEight of Lhcoe ignited. They were hydrezine hydrate, two complex

cobalt con poundq (salcomine and fluomine), 1rcn £- naph adlcoe
sulfonate, and four organic thloamices.

Corbinations of a single fuel with an inorganic catal r5t were

';then studied. In most cases the catalyst was present in t“s solid
~phese. - One hundred and ten fuel comoounds wer% teqt with each of
six catelysts containing Cutl, cu*2, nite, ,

, end Fet3,
respectively. Fifty of the compounds showed 1gnition with one or
more of the catalysts. The activity of amines and aldehydes vas
‘pronounced. Of thirty-two amines testeg, twenty-uhree ignited; and

- of twenty-seven aldehydes, twenty 1gn1ted. Tests using cobalt

catalyst dissolved in the hydrogen peroxide agreed An general with“"

ldf»the ebove series.

In a further series of studies three vanadium compounds were'

~used as cacalysts for teats with fifty—one fuel compounds. Ignition -
- was observed in eighteen cases. All the aldehydes ignited with one
: or more of th° catelysts, d several amines ignited. ; ,

Various solid complex compounds heve been prepared from cobal—

;tous chloride and organic bases. Twenty-two of these were tested
... for 1gnitability with hydrogen peroxide. Ignition w.s observed in
”fffthirteen cazes. .. . o o .

“part IT.

-In general the procedure used in attempting to form‘homogeneous

'solutions which were to be lgnitable was to try to dissolve the
'~ign1table c*mpounds either ln one another ¢ in a mutual solvent. -

- Attempts were made to dissolve solid inorganlc catalysts in -

 the single fuels with which they caused 1gn1tiou. ‘In eight‘cases

1gn1table solutions were obtained.rx;v 4
The single solid compounds salcomine end thio- acetamide, hadr

f;been found to ignite with hydrogen peroxide. Tests were made to
‘determine the feasibility of dissolving these solid compounds in

solvents to form 1gn1table solutions. The attempts with salcomine i
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Attempts to diczolve a
plex In varicuz sclvents to
generel unsuccessful, Whzan
complex did improve the ccorns

The i¢nition charecteristics

: of fuels tased on hydrazine hydrate
heve been studied in considersble detell end are the subjzcl ci' a
separate report,(l). '

Attempta were made to produce self-Icniting fuels from common
fuels or solvents by adding a self-ignitable fuel &nd cataliyst.
Tests on benzene, tcluene, keroserne, ead ma3cllne have been in
general unsatisfactory because of catelyst 4rsolubility. Howaver,
i1gnitable solutions have been made from o-+oluidine-acetone-acid
cuprous chloride, and from p-toluidinc-ethyl elchol-cobaltcous

nitrate.
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: T 18 results cf prcliminarj tezts on single conoone its are
.presented below under Pour main headings :

T&blﬂ I

qup mest Results with 509, Hydrogen Peroxide

and uingje Compounas

‘-—---—-———-——-—.——-—-———-—p——

—-——---—.—.-—.‘_——.—.’.——4-—--—-—

No Immediate Deccmnosition

. -acetal
acetic acid
racetone .
acetone oxime
~acelyl acetone
o-aminophenol .-
. hydrochloride
.~ benzaldehyde
" semlcarbazone
benzyl chloride
benzyl peroxide
cinnamaldehyde
~ ¢cyclohexane :
.-cysteline hydrochloride
»decahydronaphthalene
(decalin)
,dibutylamine .
‘dimethylgloxime
dimethyl mercury
ethyl acetoacetate
formic acid
furfural

: isopropyl ether

“mercuric bromide
mercuric lodide

-2-nitropropsne

,‘furfuryl alcohol
" glycine
’ p~hydroxyphenyl-

glycine

manganese tartrate

mercury succinimide
n3thionine

“methyl mercuric

chloride
nethyl mercurlc

hydroxidae
methyl mercurilc

lodide
p-nitroaniline
nitrobenzene
nitrogusnidine
nitromethane

p—nitrosodiphenyl
~ amine

"jagsraxcrzn_

oxalic acid

- paraldehyde

paraforma]dehyde»
phenol

 phosphorous

picric acid

"silver benzozate
“81lver cltrate

sodium 1soamylate_

tetramethyl

ammonium b”omide
tetranitromethane

o-thlocresol
- -m-thiocresol

thio-E-naphthol

- o-toluldine o
2,4, S—urichlorophenol
’trinitrotoluene ,
~triphenyl guanidine

uresa

- m-Xxylene
~zinc chloride

it
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ccheltcus cartonate

cobaltcus formate
cohaltous oxalate
ethanol amine

ethylene dfamine

ethylene diamine cupric

chloride

ethylene dlemmonium

chlorocuprate

allyl thiourea - - - -

Fluomine - = - - - - -

-hydrezine hydrate - - - - - - -

ferrous p-naphthalene sulfonate Fe (

Yalcomine = - - = = - = = = =

Tgnition

CH == N

o o

I

-~

[CEROEN LN

u“m

——Co—-—- (\.._44 ,

HoN-NH, * H,0
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3
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CH,=CH- CH,-NH-C-NH,

FErCH,

© 11 g
— 0t $
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.
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u"lga:ﬂ
lerne tetromine
um pentoxide

CH

Ar e

i
€ ot 4 L e e p\.

0 “
-S—— H )
0 § l\/ A 3HO
CH,-CH,
.CH=N_- _N=CH ‘
SN 0 —=Co =0

RESTRICTED

19

~y

e



P

-y

Discusaion
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Conaide“ation of the co*pounds causing 71porou3 decornos!iion
shows first that nine of the fifteen are metallic salts which :
could best be described as hydrogen peroxide decomposition’ cztalyss&'
0f the other six, three are amines and two are amine complexes with

v"an inorganic compenent. The: rnmqining compound, amyl nitr;tu, i a
‘_ratbor unSUable and easi)y cxidiuable compound o ,

In eight cazes ignition was observed. Hyd*azinc hvdrabo has

kfbocn vell known for 1ts reactivity with hydrogzn peroxide end had
been used as the base for several German self-igniting fuels. For ﬁ

consistent ignition in such use 1t 1s necessary to add a car:lyst,
but there 1s frequent ignition in drop tests even without caualyst.
Fluomine and salcomine are complex compounds containing groups

ksimilar to amines, wvhich are linked to cobalt. Iron salts of

nashthalene sulfonic acids were reported by the Germans tc be good :ﬁ
fuel catalysts. We found that iron P—naphthalene sulfonate

~1tself was ignitable. The remaining four compounds all contain the
thiocamide group. - c oo _ ; : o

'B. Use of Catalysts

There were several indications of the desi-ability of using a

- metallic compound in fuels, which would act & a reaction catelyst.
‘Among -these was the German use ‘of catalyst witn hydrazine fuels and
. the reactivity of thc complex compounds dencribed sbove. Some - .

catalyst contribution might be expected as a result of hydrogen

- peroxide decomposition, but it will he shown below that there are
ﬁ'other erfects to consider as well, - : ,

It had ‘been re}orted that concentrated hydrogen peroxide vas'

B dooomposed by cobaltous nitrate 1n an alkaline solution (2). This
was confirmed ty adding a drop of dilute sodium hydroxlde to a

drop of peroxide containing cobaltous nitrate., The reaction was
violent. This compound would seem to be a reason&ble additive to

‘organic bases,

| hnsmic'rm
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including nic *“1Lj"t?.h}vr§~~*“n
(n the Taipd re involvod plnCinb
AR e e teinlesa shocl plate,
o uantity of v S o it .
noa drop of fucl OEEn poibe
soave shownodn
R R 0 N
Dron Tests with Varicus Cerpsunds and 90 3
? o3
Hedrooen Peroxide -~ Catnlynts: Cu+14 Cu+2, Hi+j4 Co*eJ
2] .
rot®, ang oo (x indiceotes ipniticn)
. No Ignition
acetopbenone n-roptane
acetyl o-anisidine n-hexcne
azobenzeae i1scemyl ether
azoxybenzene iscpropyl alcohol
m-benzene disulfonlc acid lactic sacid
benzoyl chloride levulinic acid
o-brormanisole p —methyl naphthol
bromobenzene 2-methyl-2,4-pentandiol
cyclohexene methyl n-propyl ketone
n-decane o-nitroanisoie
3,5-dinitrobenzoic acid nitrobarbituric aciad
l,4-dloxane : m-nitrcbenzaldehyde
ethanol amine nitrobenzene
ethyl bromide o-nitro ethyl benzene
ethylene bromide nitroguanidine
ethylene glycol p-nitroliodobenzene
ethyl fumarate nitromethane
ethylidene chloride 3-nitrophthalic acid
ethyl nitrate propylerne glycol
formamide quinone
n-valercnitrile
Ignition with Certain Catalysts
Catalyst _
Fuel cutt lou*® [m*  cot® [re*?  |re™S _}
2-amino-5-azoanisole x x ;
p-aminosgobenzene x X | ,
2-aminothiazole x x x x !
Mbenz-nitrite x L
o-bromobenzoic acid X x

RESTRICTED



JIomition with Certain Catalyats {Cont'd)

Catalyst

. - ; i - ) — ~
- . @ Y . N ) o
T am [ Vi ey Tl Ve L TV =Y

] . : : [} u 1 oo S IS

&7 e A

. N
dicthylens glycol

I

& | |
}.A#‘athvlena Q‘l"" l ’ i = . " . | .
dlethyl ether ' HEREE R R

'E;S-dimethyl furan 1 1 o % j, o X

Turfuryl slcohel ' x L X

i3oamyl nitrite - | ' : , X X

fo-methoxybenzoic acid x| : S X

inicotine - x x | x X

{p-nitrobenzoic acid S - ’ X

jettrom - - - x| | 1 x| x

p«nitrophenol SR D R 1 | =x

'g-nitrosq-ﬁ-napthpl BEE I I B x

14Ph§nY143-méthy1- N R IR ;T‘
Cseasolene | | | | x|

[thiodiglyeol | x e 1 = =

QU SRR

[thio-B-naphthol | o x

Table III.

o grop Tests with 90% Hydrogpn Peroxide and
Organic Bases of Vagying Base Strenp;thc (x indicates 1gn1tion)

: Catalyst , :
puay o Kb {None cutt | cut? Nl*z‘v Co+2,;-:e+2 Fe'"31
laiethylamine = 1073

. |piperidine | | - x X
. mrea (solid) 107 | '

di-isobutylamine | L - R o bx ) ox
~ RESTRICTED
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trlevhrlomine | .
binzylemine 1077 | x| o i ® J%
atityléne diamine i
hydracine hydrate -6
(63%) 10 bd X x x %
dlethyl -8
m-toiuidine 10
quinoline 1077 x
phenyl hydrazine x x X x b 4
p-toluidine (solid) x x x
pyridine
- f-naphthylamine -10
(soligd) 10 x x x
o-phenylene
‘diamine x b ¢ X x x
m-toluidine x x x x
. -12
&ntﬁﬂﬁﬁﬁﬁff acid |10 x x
methyl red
(sclid) x x
acetone oxime o 13 x
scetentlide (so11d) po~+4 x
hexamethylene- -14
tetramine {so0l1d)|-10 x x
thioureer o~ 1° x x x x x
acetamide
(solid)
RESTRICTED
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~ bonzeldehyde T = | =

butyrsldehyde

o-chlorobenzaldehyde - ‘ o X

"

_ cinnazeldehyde

-
b

b}
b
‘“‘_
M

‘brotonaldehyde

b

 '13,4-Ciethoxybenza1dehyde‘

FRE)

-2,4-dihydroxybenzaldehyde

* ‘o-ethoxybenzaldehyde -

vl IEVIN VS VI

MMM
»

o
"

""f}3¥ethoxy+44hydrobebnzaldehyde

- 2-ethylbutyraldchyde

~ -2-ethylhexaldehyde

furfurel x | x

" heptaldehyde

»fhydrbcinnamaldehyde 3

' m-hydroxybenzaldehyde x | x

- p-hydroxybenzaldehyde ‘ x x

- isobutyraldehyde | =x

1sovale raldehyde

- o-methoxybenzaldehyde x| =

- m-nitrobenzaldehyde = | X | X

. p-nitrobenzeldehyde x | x

LR R

 ‘para1dehyde .




e tects shoved in scu2 casss that actlvity could be esorloved
to the presence of certain functional grouns. Ia the case of oryanic
tases and aldehydes, the 1imitability of “he corpounds initially
tested vwes sufficlently consiatent with the pressnce of the functionel
group so that a larger nusber of theas ccmpounds was tested and
reported separately in Tables IIT end IV.

The ignitebility of the beses 13 epparantly sssoclated with

- tholr tendency to form complexes with the catelyst and with the

- stabllity of such complexes. On the becsls of the early experiments
~wvlth these compounds, 1t was thougnt that the base strength of the
compounds was a sufficient indicetlon of the compiex stehility to
give some correlation with ignitebility. (3) Ths mnrre complete
results plotted in order of base strength 1. Table III do not support
this view, end there 1s no obvious correlation.

, The aldehyde test results are given in Teble IV. In genersl,
aromatic sldehydes, notably benzaldehyde derivetives, ignite with
H,0, in the presence of Cutl, Cu*2, and FetZ catalysts. Aliphatic -
‘aldehydes usually do not iznite. Exceptlons to the above are the
ignition of isobutyraldehyde in the presence of CutZ and the

ignition of butyraldehyde, 1isobutyraldehyde, and raraldehyde in the
presence of Fetc, Hydrocinnamaldehyde does no'. ignite with H.0,

and any of thecatalysts while crotorialdehyde 1is ignitable with all

the catalysts. .

The miscellaneous group (Table II) contains nineteen ignitable
compounds. Three of these contiin amino groups ss well as other
functional groups. They might bte expected ot ignite on the basis
of the results with simple amrines, It should be noted that there
13 one amino compound, ethanol amine, which does not igrite with
any of the catalysts. There ere also three substituted benzoic acids
which ignite, although a fourth, 3-5-dinitro benzoic acid, does not

1gnite.

: The remaining compounds are more difficult to classify. There
‘are twvo sulfur-containing compounds, two compounds containing the
furan. ring and three heterocyclic nitrogen compounds. fThe remaining
compounds defy classificstion. One of these, benzonitrile, ignites
only in the presence of cuprous copper. It can be seen from the
table that the remaining five compounds, diethylene glycol, diethylene
lycol diethyl ether, isoamyl nitrite, p-nitrophenol, anda-nitroso
g-naphthol, react only with iron, which 1s also a hydrogen peroxide
decomposition catalyst of r<asonable activity. At this point, it

RESTRICTED
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\is added to the mixture, however, there is violent reasction end in
many cases ignition.

It is evident that a specific reactiocn involvin;~o
the emine 1s taking plsce evsn at room temperature. Studies in dllute

soluticil of the hydrogen peroxide- h"orazine reaction in the presence

of coprer catalyst have further shown that the hydrazine rescts with
a catalytic intermediate. (4) There 1s no centribution to the

‘reaction rate from oxygen produced es & rcsult of catalytic hydrogen
,ﬁperoxide decomoosition. : , , _ ‘ :

Under certain conditions, however, it is reasonable to expect

some contribution from'oatalytic decomposition., It is possible to
decompose hydrogen peroxide with an sctive decomposition catalyst,
producing an oxidizing atmosphere at such a temperature that simple
‘orgsnic fuels, such as alcohols, ignite when they are sprayed into
-the" decomposition chamber. (5) A combination of the two effects is
. 'almost certainly present in the case of iron’ compounds used as self-'
'“,igniting fuel catelysts. Iron compounds may cause & rather vigorous
- decomposition of hydrogen peroxide, although they do not compare :
~- favorably with very active decomposition catalysts. On the other
- hand, the varistions in ignitability of different compounds with

hydrogen veroxide using iron as catelyst indicate that there is still

_-a consideratle specific fuel-catalyst-hydrogen peroxide reaction.
‘The variety of fuels vwhich ignite with iron catalysts and not with

the other catalysts indicete the effect of a combined action where

' the decomposition raises the temperature to a point where rspid

oxidation of the fuel takes place either by a catalytic mechanism

‘or by combustion with the liberated oxygen. This viewpoint provides

a plausible explanation of the fact that the miscellaneous compounds
mentioned ghove ignite in the presence of 1ron but not vith the

_other catalysts.

D. Test° with Catalyst Dissolved in Peroxide

-+ Similer tests were made on & variety of compounds using ccbalt
as the catalyst and dissolving the cobalt in the hycrogen peroxide.
‘This, of course, may not be permissible operationally, but the -
peroxide decomposition before mixing with fuel was small enough to
permit the use of the cobalt solution for these tests., These results

are sbown 4in Table v.
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D2aywamine
diterzylamine
di-n-butvlamine
diethylanine

diethyl o-toluidine
dlethyl m-toluidine
 dlethyl p-toluidine
ethanol amine

ethylene diamine
hydrazine hydrate (85%)
mercury succlnimide
methylaniline

p-nitroso diphenylamine
nitrosomethyl-aniline
phenyl hydreazine
tetramethyl-ammonium bromide
o-thtocresol
m-thiocresol

thiophenol

o-tolidine

‘¢-toluidine
m-toluldine
tri-n-butylanine
triethylene tetramine

vizerous
viso.ous
visorous
vigorcus
vigorous
vigorous
vigorous
vigorous
vigorous
vigorous
vigorous

- e 4 e em s e e

esult
cacowmnosition
dacemzogition
deccinposition
decomposition
decornposition
decompositioﬁ
decomposition
decomposition
decomposition
deconposition
decomposition

no reaction

vigorous

decomposition

no reaction
slight decomposition

vigorous

decomposition

slight decomposition

moderate

deco>mposition

no reaction

moderate
vigorous
vigorous
vigorous
vigorous
vigorous

decomposition
decomposition
decomposition

decomposition -

decomposition
decomposition

}

flaxr:

SLETUS

~
2

¥t

flsme
flame
flame

flene
flama
8 ko
flame
flame

flame
flame
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- Discussion

In general, the experiments with dissolved catalyst bear out the

conclusions reached from the first drop tests.

compounds is again obvious.

The activity of amine
There are a few results which should be

mentioned because they do not conform. 1In two cases, compounds
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ines contain nitx "030 grow,J; Tusrez
~compounds, o-thiocresol and m-thisereso
vigurously. :

vy

E. Vznadium ch sourds

German workers have elalnmed thut vanzdium comnounds
catalysts for hydrazine hydérate ipniticn than copme:
_pounds. (&) Pobtassiuw arnd scdium vanadate wers
decemposition catalysts for concantratsd nyaroasi
-mmoniun meta~venadate, eo&iuw -ineta- vzn'éavv, erd venadlum pﬁn'm‘ide
re good deconposiuion cataly ts. Results of drop testa wit

latter three van¢d1um cafalv -8 and miscellansous liquids are

in Table VI. ' - .

Tohle VI,

Drop Pests with 90% H' irogen Peroxide, Venadium Catalysts,
~and Mia: .llaneous Compounds o
(x Indicetes Ignition) -

D R I . R T e T O .

Catalyst

C°mp°“nd o p0e T MHave. | Navo,
Acids Acid derivatived ' ST s

- benzoyl chlorice - .- o x o ' -f'x'_1

‘n-butyric ‘anhydride '“   o | ”_7,j > 1 | =

zthyl'cyanbecetate

‘ethyl fumerats

7rdrmam1de 

lactic acid ol x

levulinic acid ‘ 3 x x x

Alcohols-Alcohol derivatives

diethylene glvcol

diethylene glycol diethyl,ether

éthyléne glycol

furfuryl alcohol . . S x E "x"_ O x

isopropyl alcohol
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anlsaldehyle

benzealdehyde

n-butyraldéehyde

crotonaléehyde

o-ethoxybenzaldechyde

furfural

salicylaldehyde

m-tolualdehyde

_Xﬁine type

benzylamine

n-bromoaniline

n-butylamine

cyclohexylamine

dibenzylamine

dilethylamine

di-1scuamylamine

dil-1isobutylamine

dimethylaniline

ethanol amine

ethylamine (33%)

ethylaniline
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ethylene Giamine

; hydrazine hddrate (854)

o~ iudouoluidin,

-
o

rzthylan+lxne~-

N

‘   nicbtine'

‘—’jphenyl hydrazinév»

ryridine

quinoliine

 m-toluidine

tri-n-butylumine

~triethylemine

triethylene tetramine

";tri—n~propylém1ne‘v5

. Ethers
- anisole

o-bromoanisole

1,44dioxane"

isqamyl ether

“1sopropyl ether

- o-nitroanisole

| ”Hydrocarbons¥Hydrocarbon derivatives

.bromobenzene

yclohexene L

w |

decahydrona hthalene' 
(decalin Lo

n-decane

 2,5-dimethyl furan
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ethylenz bronide

n~hexzone

-

nlitrobeanzene

o-nitro etnyl benzene

nitromethane

m-xylene

Nitriles
acetonitrile

-+

benzonitrile x ‘ x ;

n-valeronitriie

Miscellaneous

ethyl nitrate

isocamyl nitrite

methyl n-oropyl ketone )

W e e wm es o s e e e % @ e S e e S e W™ s e w Em o W e % m m e e w W w -

The aldehydes ignite rather consistently with these catalysts,
and there are several amines which ignite. The scattered results
using other types of compounds are rather difficult to explain and
may be partially due to the decomposition type of mechanism discussed
above with respect to 1iron.

F. Cobealt Complexes

Numerous solid conpounds were prepared by precipitation from
mixtures of some of the catalysts and organic hases. These have the
general formula, Co(A)gX,, in which A 1s en amine and X is a halsgen.
Two of these complexes, which were formmed from alcohclic ccbaltous
chloride and (1) hydrazine hydrate, and (2) o-toluidine, have been
analysed. Thelir formulas have been found to be (1) Co(N,H,),Cl, and
(2) Co(C7H7NH,),C1,. Some twenty-five similar compounds have been
prepared using representativec of different classes of amlnes as well
as hydrezine. These compounds were tested for reactivity with hydro-
gen peroxide by observing results when a drop of 90 per cent hydrogen
peroxide fell on a small sample of each. Ignition occurred in thir-
teen cases. The primary amines, both aromatic and aliphatic,
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cyclohexylamine

diethylamine %7?1 :
di-iscbutylenine _ : C guinoline
ethylam31° (33% 1in wpte”) : o tri-n-butylamine
: ' ' : tri- “-p“cryl ning
Foor Iznition

diethyl-m-toluldine o

di-Iscamylamine

ethylaniline ,
D | ‘Good Ignition

n-butylamine = - ' , . . o-toluidine
diethylaniline o R , ‘m-toluidine
hydrazine hydrate o : .~ p-toluidine .
methyl eniline - R © .. tribenzylemine
,ﬁ~naphtnylam1neyrn : ..o triethylamine
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in the fuels with which thn fova and
The second includes the efforts to dissslvs sin-
ccompounds in suitable solvents while retainin: <
Thz third section reports zttemcta to moke 127it
nen-self-ieniting but cheap fuels as dilvents fo

mixtures.

A, Solutiecn of Cs*talyast in Tenitable Compournds

The first attempt to dissolve catalysts {n 1gnitable compounds

ccnsisted of shalking some of the prespective covalyst with 2 small

Tiantity of fuel in a3 test tube, allowing the solid to settle and
‘canting cff the liquiad The liquid was then tested for 1gnfitabili-

1y by the usual drop tes t pro- dure, Results are reperted in

. Teble VIII. e

Table VIII.

Drop Tests with 90% Hvdrogen Peroxide on Fuel
Substences wi!' “arjious Catalysts in Solution

— . et W ww s G GRS WP e G Awm G G MNG N AAS M AW UL MR Gma  AER WA AR WTR MR e e G e Gme Gme e oo

‘Fuel _ _ _ _Catalyst Im S¢lution _ _ _ _ _ _ _Reault _ _
aniline acid cuprous chloride vigorous decomposition-
fleme
, ferric benzoate slight decomposition |
benzaldehyde ferric benzoate slight decomposition -
- benzylamine potassium cuprocyanide vigorous decomposition- '
: » flame
Jibenzylamine potassium cuprocyanide vigorous decomposition
sthanol amine potassium cuprocyanide vigorous decomposition- :
flame 2
ethylene diamine cuprous cysnid vigorous decomposition F
N ethylene diamine : |
cupric canloride vigorous decomposition é
ethylene diammonium
chlorocuprate vigorous decomposition
potassium currccysnide vigorous decomposition
sodium nitropruaside vigorous decompositior
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vory d‘ifnt deceomposli-
' Cticn
- vigorous decornpo sition~
_,lc“~ delayed fleme

FUifquOﬂﬁCid (cenc. )

Cthylene'di&mine

hydrazine hydrate :
’ {35ﬁ) . cupric chloride ‘vigo“ous decowrogl+ion—
‘ : . ) . flumv :
»ethylene {armmonium . .
- chlorocuprate vigorous decomposition
o-toluidine cobalt acetate vigorous decomposition-
. : ‘ ; ‘ o " sparks
cobalt ammonium chloride ‘noderatp decomposition-
o S ' , sparks
- cobeltous chloride vigorous decomposition-
o o flame o
cobalt chromate slow decomposition-flame
cobalt sulfate . vigorous decomposition-
RN ' . flame
. copper sulfate - moderate decomposition
‘cupric cyanide ~ - moderate decomposition
ethylene diammoniun o L o
chlorocuprate - vigorous decomposition
- ferric sulfate .~ moderate decomposition
- ferrous sulfate vigorous decomposition--
R o y flame ’
nitric acid (conc) " visorous decomposition-
e Co : o 7 flame
sodium nitroprusside moderate dacomposition

Discussion of Tahle VIII

Eignt of these compounds 1gnite satisfectorily, giving vigorous
decomposition and a flame. -The catalyst 1n four of these cases was
" a comple:: copper compound, and in two cases a cobalt salt. One case
of ignition was observed with an iron salt and in the remaining case

- .“the fuel was a8 mixture of o toluidine and nitric acid.

' precipitete frrms which contains copper.

Further work has been carried out on the anillne acid cuprouS" -
chloride combination. It has been found that on standing a
The composition has not

‘been satisfactorily determined. The other combinations have not as

yet been 1nvestigated further.
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Samrles or o-toluidine hydrolodide, hydrazinium icdide, ard
hrivazipium chloride vera pro *“““d te investigate a roport that I

JURF e

wrild fZmereve the igniticon of hydracino ry:::;e. Both hyds - 'nlun
1ociide ang c*‘f:‘dc improve the censzlistoney ol ignitien of b*”
r L2, Alone, o-toluldine hyarn~uiide p“oﬂuc EYUTKS
2 od crid : wwder AT

1 o

Tof Thre vena oro
3enarit el pixed with SS pcr cont hydrazine h drute. Tﬁay sll
resct wiln the hydrezine to produce blue brown, or green mixtures.
The ammin.oun and scdium meta-vanadate mixtures are more consistently

igniveartie thin hydrazine alone while the venadium pentoxide mixture
ircreases toe violence of the ignition but not the consistency of
ignition.

These catalysts were also mixed with thiodigiycol. None of
the catalysts was very soluble. The mirxture with sodlum meta-
vanadate vwes inconsistently ignitable while neither of the other
mixtures ignited at all with hydrogen peroxide. A mixture of
thiodiglycol and ethyl alcohol wa=s shaken with hydrated ferrous
chloride for 10 minutes. This mixture reacted explosively 1n a

drop test.

B. Attempts to Dissolve Igritable Solid Compounds in Fuel
Substances

An ettempt was made to dissolve two sctive solid compounds,
salcomine end thioacetamide, in an inexpensive solvent. The results
of these experiments are shown in Tables IX and X. 1In 8ll cases a
saturated solution of the active s0lid was used.

Table IX.

Drop Tests on Salcomine Solutions with 90%

Hydrogen Peroxide

e AN GER Wme GEA G G WAE s Sl e TR G VR GmR N M e GWL SR A GER GNR GEE MM GWP SES G L GEE e G e B

B e o

-

acetal

decalin

ethyl acetoacetate
ethyl nitrate

emyl nitrite
diethylaminoethanol

-
S e AT G G G G G GEm GHS @Eh SR W e GEe GEe Ee AR @Y GAL GER D GUE MR GRS WM GRS WA WER GEE S G Tee  San  mm

Slow Decomposition

furfural
isopropyl ether
paraldehyde
toluene

Vigorcus Decomposition

ethylene diamine
nitromethane
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Ho icnitavxn solutioxs vere proﬂucad although salcomine 1tself

- 1gnites.  In most cases the sclubllity vas very 15w,
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N .Dfop Tests on Thioacetamide Solutions with 90%

 “Hydrogen Peroxide

- Slight Decomnosition v
. acetal - - , ‘ . I diethoxybenzaldehyde'
acetic acid C o diethyl m-toluidine
acetone o ; : ethanol amine
amyl acctate -~ L ' .o~ethoxybenzaldehyde
amyl alcchol I - ethyl alcohol ‘
anisole - . . : .~ ethyl ether
o-anisidine ’ ' o - .formic acid
btenzaldehyde S - o ~ n-heptaldehyde
" ‘n-butyraldehyde o o nitrobenzene
. n~butyric anhydride e - thiophenol.
},decalin L ‘ ~jj e m-toluidine o
S R | Vigorous Decomoosition
“aziridine f ;," vk'-., ~ furfural >
- o-bromoanisole . ..~ hydrazine hydrate
diethylamine . - R salicYIaldehyde
ethylene diamine ‘ R »
, » o o Ignition o
annisaldehyde ,. ~ cinnamaldehyde

It is seen that ignition was obtained in only two cases. In

,,edch case the solvent ves an aromatic aldehyde. -

'Iron B—naphthalene Suphonate

' Germen sources reported that iron salts of subatituted and un-
stbstituted naphthalene sulfonic acids were good catalysts for the
ignition of mixtures of methyl alcohol and pyrocatechol. The

- ferrous salt of B-naphthalene sulfonic acid was prepared and was
‘found to be soluble in methyl alcohol. Both the salt itself and its
~methyl alcohol snlution are ignitable with concentrated peroxide, '

even in the absence of pyrocatechol.

 RESTRICTED

e i I T o T UL RGN P e v e 1 . .




e T(‘":"‘
o iy DT
dlestr iV A 4..__,D

A mzthyl alcohol solution of ferrousf naphthalene sulfonzate
wos mixed with pyrocatechol in the correct proporticns to give a fuel
similar to the German "Erzol 56". This fuecl contained by weight:

7.5% ferrous dibutyl naphthalene sulfonate
62.5% methyl alcchol
30.0C35 pyrceatechol

The ferrous? naphthalene sulfonate mizture gave a fuel comparcble
to the .Gerwan fuel.

Evhylens glycol, propylens glycol, resorcinol, hydroquinone,
and o-crescl were successively suistituted for the pyrocstechol to
determine whether simflar compounds would prcoduce an ignitable fuel.
The ethylene glycol fuel did nct ignite and propylene glycol gave
& very leng ignition delay. The {uels made trom resorcinol,
o-cresol, and hydroquinone ignited but had a longer delay and wvere
less consistent than pyrocatechol.

Crgano-metallic Compounds

Four organo-imetallic compounds were dissolved in severcli
solvents and the resulting amixtures drop tested with peroxice.
Alone, copper dibutyl dithlocarbamate, cobalt proplonyl acetonate,
and cobelt linoleate react with 90 per cent hydrogen peroxide giving
a shower of sparks or flames. Chromium dibutyl dithlocarbamate does
not react with concentrated peroxide. In most cases the compounds
were insoluble in the foilowing solvents: etunyl alcohcl, acetone,
methyl alcohol, benzene, aniline, and ether. When a compound did
dissolve, there vwas little or n) decomposition with peroxide.

Cobalt complexes

The complex compound, cobalt di-p-toluidyl chloride
(Co(C4H,NH,),C1l,), made from an alcoholic cobaltous chloride s=olu-
tion and an slcoholic solution of P-toluidine produced sparks with
concentrated hydrogen peroxide. This compound was mixed with several
solvente ir an endeavor to produce an ignitable fuel mixture. The
results are shown in Teble XI.

Table XI.

Drop Tests with 904 Hydrogen Peroxide,

Cobalt Di-p-toluldyl Chloride, and Several Solvents

Solvent — _ _ _ _ _ _ _ _Solubility of Complex _ "Result With Hp0>
acetic acid slightly soluble no reaction

acetic anhydride soluble slight decomposition
acetone soluble no reaction

alcohol, absolute soluble vigorous reaction
alcohol, 95% soluble vigorous reaction
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amyl acetate

amyl alcohol

- aniline

»benZene‘
) bremebenzcne
‘ceybon;disUIfide |

ai- tert butyl peroxide
‘ ether
’formic acid k

. gasoline,raviation ‘
jigasoline;vﬁhite‘

_i4g1ycerol g

| ﬁf’hydrazine hydrate (85 )

fkerosene

vhethyl glcohol
phenyl thrazine'

turpentine

, e¥tolu1dine

. soluble

‘soluble

o rn s oo—

'soluble

slightly soluble

-1neoluble

slightly soluble

‘insoiuble

insolub.e

_slightly soluble

1neolub1e'v

very slightly’soluble
:very slightly soluble

slightly soluble

soluble

{very'51;ghtly soluble
f,seluble :
' slightly soluble

. soluble

The reeultsuere neQa*iVe in most ceses;

‘vin the case of hydrazine hydrate and phenye hydrazine.

e i ol

-..-—.-—.-—-—._.-—

slight dec wnosition

 slight deCompositton

delayed decompoziticn

no reacticn

 delayed decompoeition
no reactionv

" no reaction

vigorous decomprsidicn

110 reaction

small‘delayed

decomposition

,smaii delayed

decomposition

l»slight decompeeition

“'explosion ‘

small delayed
. decomposition

vigorous decompositicr

7d‘1erge‘flash

small'deTayed
decomposition

delayed‘decompesitior

— - Sr E mp e me i me AR W TER R AL AP M SET Sy e e M M e e R mam S e A e e,

There ﬁas ignition

Altaough

,hydrazine hydrate will 1gnite 1nconsistent1v without catalyst the

catelyst did dissolve 1n this case and aided the consistency of

.  1gn1t1on. :
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The self-igniting fucl syotens so fer cevelonsd have hean for
the most part either erpensive or secarce. I wes the Csrmon cusionm
to dilute these fuels a3 nuch s possible with non-seif-ignitable
but easily availleble fucla.  The principal example in practice has
been the German dilution of hydrazine hjdrote with water and m2shyl
alcohol to precduce the various C-Stofls. I: wes considercd thet 1t
might be possible to produce celi-iznitauility in common Tuels
{ such as gasoline), by the addition of ravher snmzll guantities of an
igniteble fuel and/or catalyst.

Workx on the dilution of hydrazine has bezn carried out on this
project and is included in a separate rcport on the use of hydrazine
hydrate(l )ittempts have also been made to dissolve ignitable fuels
and catalysts in hydrocarbon compounds in sufficient quantities to
make the solution self-igniting. This 1s a difficult problem because
- of the expected low solubility of such mixtures.

The procedure has been to theke a mixture of igniteble fuel,
nydrocarbon fuel, and catalyst. Usually both phases were then tested
for ignition in drop tests. The results of tests on the hydrocarbon
layer on a number of such combinations are reported in Teble XII.
These resulte are uniformly negative, probably due to low catalyst
solubility. This view is supportcd by the fact that o-toluidine-
kerosene mixtures do ignite when the two-fuels are mixed as above
but the catalyst is dissolved in {he percxide.

There ls some possibility that the catalyst might be introduced
in the form of an organo-metallic salt although the ones tried have

produced little activity. It might be feasible to produce a stable
colloidal solution of the catalyst in the fuel. :

Table XII.
Drop Tests with 9C 4 Hydrogen Peroxide and

Hydrocarbon Fuel Mixtures

Hydrgearbon _ _ _ "Mixer T T T _ Tcatalyst ZZ T Result_ _ " __ "
benzene acid cuprous' no reaction
chloride
water copper sulfate no reaction
water ferrous
. sulfate no reaction
gasoline:
aviation
(130 octane) cobaltous di- slipghtly soluble--
p-toluidyl - slight “decompositin
chloride
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Drop Tests with 907 Hydropen Feroxide and

—‘-—-—"—-ﬁ———ﬁ‘“"—n“—‘.——-——n———-—“——_ﬁ-ﬁ—

Ny sU‘O"‘S.?C‘DOII

Mixtures

Hydrogen Fuel

4 -
Mixoer

gasolins (cont! d)bu

{130 octane)
3.av;ation

. 85% hYdrazine :
“hydrate .

“phenyl hydra-'
‘zine o

fethyl alcohol
,and water -

‘copper pro-
“pionyl
acetonate

‘salcomine

sodium nitro¥
prusside &

. potassium -

cuprocyanide

sodium, potasé
-sium & cuprous

cyanides

. phenyl hydra-
zine & sodium,"

potassium and

slightly scluble--
inconsistent, long
delayed Ignition

1r3**ub1e'-no

" ‘resction

slightly miscible

no reaction

immiscible- - L
moderate decomposi— :

‘tion } _
‘1mmiscib1e-— no

‘reaction

I cuprous cyanides L

fo-toluiﬂtne x

'_’o-toluidine .

o-toluidine

'1vo-t01u1d1ne i

gasoline:
white

Kerosene -

‘toluene

duponol
. 85% hydrazine
- hydrate :

85% hydrazine

- hydrate

:ammonical E
_'copper sulfate‘

‘copper sulfate

acid cuproué
chloride

“sodium nitro-

prusside

‘sodium nitro-
prusside and

potassium cupro-
.cyanide :

' manganese

sulfate

'fvcopper sulfate:

-sodium nitro-
- . prusside and

moderate decompo—
sition _

1mmiscib1e-4,’ o
precipitate—— no -
-reaction

- immiscible-- ‘no
1 reaction

slightly misciblc

~slight decompo- ‘

gition

slightly miscible
no reaction »

insoluble-a‘nd
reaction
no reaction

1mmisc1ble - nov

potassiut cupro- 'sreaction

- 'etyanide :
ferric benzoate no reaution
gﬁﬂﬁffﬁﬁg““‘a ‘no resction _ _

g M-“m -




‘Voults ave showm in Gible XIII for & zroup of wiscellaneous
fu2ls which wbr° dilutﬁd with rather lors2 cacunts of selvant.
I:snition with peroxice was ootéinaﬂ vien o-tolaldine-acid cuprous

chloride was dilutod Viin aceLone wnon p-toluldine-cobeltous
nitrate wes diluted with ethyl alconol
Trhle ¥ITT.
onp Teste with 9C% Uvdro~en Perczide end Pulti-
Cormnornent Fuel Systems
Fuel_ _ _ _ _ _Diluent_ _ _ _ Cafaiyst” _ Z Z " TResult _ __ T __
‘acetone oxime ethyl alcohol cobaltous nitrate vigorous decompo-
sition
o -amino :
pyridine ethyl alcohol cobeltous nitrate vigorous decompo-
sition
benzene ethyl alcohol cuprous chloride no reaction
hexamethylene benzylamine cuprous, sodium, & vigorous decompo-
tetramine and water potassium cyanides sition-inconsistent
ignition
o-phenylene ethyl alcohol cobaltous nitrate vigorous decompo-
diamine sition
phenyl hydra- ethyl alcohol cuprous, sodium & vigorous decompo-
zine hyéro- ~ and water potassium cyanldes sition
chloride
o-toluidine acetone ecid cuprous vigcrous decompo-
chloride sition -sparks-
flame
water cuprous, sodium & no reactlion
potassium cyanides
p-toluidine ethyl alcohol cobaltous nitrate vigorous decompo-

sition - flame
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